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Process for the preparation of 233~trimethvlhvdro quinone diacvlates 

The present invention is concerned with a process for the preparation of 2,3,5- 
trimethylhydroquinone diacylates by reacting 3,5,5-trimethyl-l,4-benzoquinone 
(ketoisophorone) with an acylating agent in the presence of methanetrisulfonic acid. 2,3,5- 
5 Trimethylhydroquinone diacylates are useful as reactants for the preparation of 2,3,5- 
trimethylhydroquinone, itself a known valuable reactant for the preparation of (all-rac)- 
(X-tocopherol. 

2,3,5-Trimethylhydroquinone diacylates are known to be producible by reacting 
ketoisophorone with an acylating agent in the presence of a strongly acidic catalyst. Many 

10 such catalysts have been proposed in the past for this purpose, in particular protonic acids, 
e.g. such inorganic acids as sulphuric acid; such organic acids as p-toluenesulphonic acid; 
strongly acidic ion exchange resins; and such Lewis acids as zinc chloride, boron 
trifluoride, antimony pentafluoride and titanium tetrachloride: see inter alia German 
Offenlegungsschrift 2149159 and European Patent Publications EP 0916642 Al and EP 

15 1028103 Al; as well as NH-acidic or CH-acidic catalysts, see PCT Publication WO 
03/051812. 

It has now been found that by the use of small amounts of methanetrisulfonic acid, 
the conversion of ketoisophorone to 2,3,5-trimethylhydroquinone diacylates can be 
accomplished in high yield and without the need to use additional solvents. The use of 
20 methanetrisulfonic acid as the catalyst provides, all in all, advantages over catalysts used so 
far in this reaction in terms of stability of the catalyst, high yield, selectivity, and costs. 

Thus, the presence invention relates to a process for the preparation of 2,3,5- 
trimethyl-l,4-hydroquinone diacylates by reacting 3,5,5-trimethyl-l,4-benzoquinone with 
an acylating agent in the presence of methane trisulfonic acid. 
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The acylating agent used in the process of the present invention maybe any acylating 
agent that is conventionally used in the conversion of ketoisophorone to 2,3,5- 
trimethylhydroquinone acylates, particularly acid anhydrides, acyl halides, and enol esters. 
Examples of acid anhydrides are straight or branched chain alkanoic acid anhydrides such 
5 as acetic, propionic and butyric anhydride. Examples of acyl halides are straight or 

branched chain alkanoyl chlorides such as acetyl, propionyl and butyryl chloride. Finally, 
examples of enol esters are isopropenyl acetate and butyrate. The preferred acylating agent 
is acetic anhydride or acetyl chloride, especially acetic anhydride. 

The process of the present invention can be carried out in the absence of a solvent. 
10 While the ratio of acylating agent to ketoisophorone is not narrowly critical the molar 
ratio of acylating agent to ketoisophorone is suitably from about 1 : 1 to about 10 : 1, 
preferably from about 5 : 1 to about 3:1, and is most preferably about 3:1. 

The amount of catalyst, methane trisulfonic acid, is suitably about 0.01 to about 2.0 
mole%, preferably about 0.075 to about 1.5 mole%, and most preferably about 0.1 to 
15 about 1.0 mole%, based on the amount of ketoisophorone. 

The process is conveniently carried out at temperatures from about 0 °C to about 
140 °C, preferably from about 20 °C to about 90 °C, especially 20 °C to 70 °C. 

The process according to the present invention maybe carried outbatchwise or in 
continuous mode. Moreover, the process is conveniently carried out under an inert gas 
20 atmosphere, preferably under gaseous nitrogen or argon. 

The progress of the reaction is suitably monitored by gas chromatography and mass 
spectrometry of samples taken from the reaction mixture at various time intervals during 
the reaction. 

The produced 2,3,5-trimethylhydroquinone diacylate can be isolated after distilling 
25 off the remaining acylating agent and the secondary product formed in the acylation, e.g. 
acetic acid when acetic anhydride is used as the acylating agent, by extraction of the crude 
product mixture with a suitable organic solvent, e.g. toluene. For instance, in effecting this 
procedure using acetic anhydride as the acylating agent 2,3,5-trimethylhydroquinone 
diacetate was obtained as colourless crystals after evaporating off the toluene used as the 
30 extracting solvent. Another isolation procedure is the crystallization of the 2,3,5- 
trimethylhydroquinone diacylate from the mixture at the termination of the reaction by 
cooling, and, optionally, adding water, to the mixture to promote the crystallization. 

The catalyst can be recovered by extraction with water or acid-water and 
concentration of the extract. Alternatively, the catalyst can be recovered by adding a 
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biphasic solvent system, e. g. a carbonate (particularly ethylene carbonate or propylene 
carbonate) and an aliphatic hydrocarbon (particularly heptane or octane), and isolating it 
from the polar (carbonate) phase 

The 2,3,5-trimethylhydroquinone diacylate obtained by the process of the present 
5 invention can be converted into 2,3,5-trimethylhydroquinone by transesterification, i.e. by 
treatment with an alcohol, e.g. an aliphatic alcohol such as isopropanol or n-butanol. 
Depending on the amounts of alcohol and catalyst and on the temperature in the reaction 
mixture, the transesterification yields the unesterified 2,3,5-trimethylhydroquinone and 
the ester formed as the further product. 2,3,5-Trimethylhydroquinone can be converted 
10 into (all-rac)-a-tocopherol by known procedures by reaction with isophytol, preferably in 
a biphasic solvent system, e.g. in a solvent system comprising a polar solvent such as 
ethylene or propylene carbonate, and an non-polar solvent, particularly an aliphatic 
hydrocarbon such as heptane, see, e.g. international application PCT/EP03/01556. 

The invention is illustrated further by the following Examples. 
15 Example 1 

A 50-ml four-necked flat-bottomed flask equipped with a thermometer, a glass-tube 
(0 5 mm) for Ar-purge, a reflux condenser and a magnetic stirring bar was charged with 
methanetrisulfonic acid (see Table 1 below) and 10.324 g (66 mmol) of ketoisophorone. 
Within 2 min, acetic anhydride was added dropwise (see Table 1 below) under rapid 

20 stirring. During addition, the mixture turned dark yellow to finally dark brown and the 
internal temperature increased. After cooling to the desired reaction temperature that 
temperature was maintained by means of an oil bath. Samples were withdrawn and 
submitted to qualitative GC-analysis. After the reaction time (see Table 1 below), the 
reaction mixture was cooled to room temperature and the catalyst was deactivated by 

25 addition of 3.7 g (70 mmol) anhydrous sodium carbonate. The reaction mixture was 
concentrated by 40°C/10mbar thereby distilling off acetic acid and unreacted anhydride. 
The crude product was analyzed by GC using squalane as internal standard. The results 
and reactions conditions are given in Table 1 below: 
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Table 1 



(Ac 2 0) 
[mmol] 


(S0 3 H) 3 CH 
[nig] 


(S0 3 H) 3 CH 
[mol %] 


T 

[°C] 


time 
[h] 


conversion 
[%] 


TMHQ-DA 
[%] 


200 


171.2 


1.0 


25 


4 


97.2 . 


91.8 


333 


171.2 


1.0 


25 


4 


99.3 


91.1 


666 


171.2 


1.0 


25 


4 


99.2 


94.0 


200 


93.5 


0.55 


25 


22 


78.6 


69.0 


200 


171.2 


1.0 


25 


22 


100 


96.6 


200 


342.4 


2.0 


25 


22 


100 


93.2 


200 


120 


0.7 


60 


4 


99.1 


91.5 


200 


120 


0.7 


60 


4 


99.3 


92.9 


200 


120 


0.7 


60 


4 


98.9 


92.3 


200 


34.2 


0.2 


70 


4 


83.5 


72.2 


200 


94.2 


0.55 


70 


4 


100 


92.6 


200 


154.1 


0.9 


70 


4 


100 


94.2 


200 


171.2 


1.0 


40 


4.5 


98.8 


88.2 


200 


342.4 


2.0 


40 


3.5 


100 


90.0 



The values given are averages from several measurements (two or three) and two 
5 experiments. 

Ac 2 0 : acetic anhydride; TMHQ-DA : 2 > 3,5-trimethyl-l > 4-hydroquinone diacetate [yield] 
Example 2 

10 Using a 230 ml-flask the procedure of Example 1 was repeated with changing ratios of 
ketoisophorone and acetic anhydride. The reaction conditions and results are given in 
Table 2 below: 

Table 2 



(Ac 2 0) 


KIP/Ac 2 0 


T 


time 


conversion 


TMHQ-DA 


S(TMHQ-DA) 


[mmol] 


[ratio] 


[°C] 


[h] 


[%] 


[%] 


[%] 


299 


1 : 2.25 


45 


12 


89.7 


85.8 


95.6 


332 


1:2.5 


45 


12 


91.9 


87.2 


94.9 


398 


1:3 


45 


12 


95.6 


90.9 


95.1 


663 


1:5 


45 


12 


98.6 


94.5 


95.8 


1327 


1: 10 


45 


12 


98.1 


93.0 


94.8 


398 


1:3 


25 


24 


83.6 


80.6 


96.3 



15 The values given are averages from several measurements (two or three) and two 
experiments. S : Selectivity. 
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Example 3 

In analogy to the procedure of Example 1, the reaction conditions were optimized using a 
5 statistical model (STAVEX). 20.32 g (200 mmol) of acetic anhydride were added within 10 
min. tolO.324 g (66 mmol) of ketoisophorone. The results are tabulated in Table 3 below: 

Table 3 



(S0 3 H) 3 CH (S0 3 H) 3 CH 



[mg] 


[mmol] 


17.2 


0.07 


17.4 


0.07 


172.5 


0.67 


85.6 


0.33 


17.2 


0.07 


85.5 


0.33 


85.5 


0.33 


171.4 


0.67 


85.6 


0.33 


17.1 


0.07 


34.4 


0.13 


85.5 


0.33 


171.1 


0.67 


154.2 


0.60 


171.4 


0.67 


171.3 


0.67 


128.1 


0.50 


85.5 


0.33 



(S0 3 H) 3 CH 


T 


time 


[mol %] 


ra 


[h] 


0.1 


25 


4 


0.1 


100 


4 


1.0 


100 


4 


0.5 


40 


14 


0.1 


25 


24 


0.5 


55 


14 


0.5 


55 


22 


1.0 


25 


4 


0.5 


85 


14 


0.1 


100 


24 


0.2 


55 


14 


0.5 


55 


6 


1.0 


25 


24 


0.9 


55 


14 


1.0 


100 


24 


1.0 


60 


7 


0.8 


60 


10 


0.5 


60 


12 



conversion TMHQ-DA 



[%] . 


[%] 


0 


0 


43.2 


14.8 


100 


83.5 


97.6 


89.7 


10.8 


1.0 


100 


90.3 


100 


91.4 


83.9 


75.6 


100 


89.6 


45.6 


16.4 


88.7 


79.0 


99.5 


90.4 


99.3 


92.7 


100 


91.3 


100 


84.6 


100 


91.2 


100 


91.9 


100 


93.5 



10 Example 4 

Based on the results of Example 3, experiments under optimized conditions were carried 
out. The results are summarized in Table 4 



Table 4 



(Ac 2 0) 


KIP/ 


(S0 3 H) 3 CH 


T 


time 


conversion 


TMHQ-DA 


S(TMHQ-DA) 


[mmol] 


Ac 2 0 


[mol %] 


[°C] 


[h] 


[%] 


[%] 


[%] 




ratio 














398 


1:3 


0.5 


60 


6 


97.4 


92.0 


94.5 


663 


1:5 


1.0 


25 


24 


100 


96.7 


96.7 



15 



